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(57) ABSTRACT 

The invention provides a method for increasing pollen 
foraging activity in colonies of bees by application of a 
synthetic brood pheromone to the colony. The synthetic 
brood pheromone may comprise methyl palmitate, ethyl 
palmitate, methyl Stearate, ethyl Stearate, methyl oleate, 
ethyl oleate, methyl linoleate, ethyl linoleate, methyl lino 
lenate and ethyl linolenate, or an active mixture comprising 
one or more of the enumerated esters. Exposure of bees to 
the Synthetic brood pheromone increases the proportion of 
pollen foragers in the colony. The invention also provides a 
pollination unit comprising a collection of bees and the 
Synthetic brood pheromone, and a device capable of releas 
ing the brood pheromone in a controlled fashion within the 
colony. 
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Figure 1 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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SYNTHETIC BEE POLLEN FORAGING 
PHEROMONE AND USES THEREOF 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Ser. No. 
60/266,018, filed Feb. 2, 2002, which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

TECHNICAL FIELD 

0002 The invention relates to a synthetic pheromone 
composition relating to the foraging behavior of bees, to its 
composition and to its uses. 

INTRODUCTION 

0.003 Social insects perform all the tasks of colony 
growth and maintenance concurrently by division of labor. 
One view is that division of labor is an emergent property 
that is Self-organized through the interactions of individual 
workers with stimuli in their environment (Page R. E., Jr. et 
al. PSA 2:28-298 (1990)). A division of labor emerges when 
individuals have different response thresholds for stimuli 
that release behavioral responses. The evolution of Specific 
patterns of organization results as a consequence of Selection 
acting on genetic variability affecting response threshold 
distributions of colonies. 

0004 Bees are insects of the order Hymenoptera, which 
feed on pollen and nectar. They constitute a group of about 
20 000 species throughout the world, known taxonomically 
as the Superfamily Apoidea. Honey bees of the genus Apis 
belong to the family Apidae, a Sub-group of this Superfamily. 
Although the question of how many honeybee Species exist 
is still debated among taxonomists, at least four species are 
commonly recognized: the dwarf, or midget, bee Apisflorea, 
the giant, or rock, bee Apis dorsata, the oriental (Indian, 
Chinese, Japanese, etc.) bee Apis cerana, and the common 
(European, African, etc.) honey bee Apis mellifera. The 
existence of another giant bee, Apis laboriosa, has recently 
been confirmed. 

0005 Bees of the family Apoidea are eusocial insects, 
that is to Say that they engage in favorable Social activity. 
Depending on the Species, a colony of bees consists of a 
queen, dozens to thousands of workers, and at certain 
Seasons of the year anywhere from a few to a few-hundred 
drones. Among the members of the colony there is division 
of labor and Specialization in the performance of biological 
functions. 

0006 Bees construct variously shaped cells to rear their 
brood and to Store their food. In the genus Apis, general 
utilization of comb Space is Similar among the Species, with 
honey Stored in the upper part of the comb, with, beneath it, 
rows of pollen-Storage cells, worker-brood cells, and drone 
brood cells, in that order. The groundnut-shaped queen cells 
are normally built at the lower edge of the comb. 
0007 As an inherited behavior characteristic, all bee 
colonies tend to Store a certain amount of honey and pollen 
as their food reserve. The quantity of food stored depends 
upon Several factors, including the Seasonal availability of 
forage, the worker population of the colony and its rate of 
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reproduction, the capacity of the nest, etc. Another important 
inherited behavior characteristic lies in the colony's natural 
Site of comb construction. For instance, Some Apis Species 
build single comb nests in the open, while others build 
multiple-comb nests in dark cavities. 
0008. In honey bees, studies suggest that colony envi 
ronment modulates foraging behavior. The amount of pollen 
Stored in the comb affects the proportion of pollen foragers. 
More Stored pollen results in less pollen foraging (Allen M. 
D. et al., Ann Applied Biol 44:649-656 (1956); Fewell, J. H. 
et al., Behav Ecol Sociobiol 30:387-393 (1992); Fewell, J. H. 
et al., Experientia 49:1106-1112 (1993)). The amount of 
young larvae also affects the proportion of foragers collect 
ing pollen: more larvae and empty Space result in more 
pollen foraging (Al-Tikrity W. S. et al., J Apic Res 11:9-12 
(1972); Barker, R.J., J Apic Res 10:23-26 (1971); Dreller C. 
et al., Behav. Ecol. Sociobiol. 45:227-233 (1999); Eckert C. 
D. et al., Oecologia 97:248-255 (1994); Fewell, J. H. et al., 
Behav Ecol Sociobiol 30:387-393 (1992); Free, J. B. Anim 
Behav 15:134-144 (1967); Free, J. B. App Anim Ethol 
5:173-178 (1979); Jaycox 1970; Todd F. E. et al., J Econ Ent 
63:148-149 (1970)). Larval substances soluble in hexane 
releases pollen foraging (Pankiw T. et al., Behav Ecol 
Sociobiol 44:193-198 (1998)). 
0009 Foraging behavior and the mechanisms that regu 
late foraging activity are important components of Social 
organization. Recently the honey bee proboscis extension 
response to Sucrose has been identified as a “window' into 
a bee’s perception of Sugar (Page R. E., Jr. et al. PSA 
2:28-298 (1990)). The sucrose response threshold measured 
in the first week of adult life, prior to foraging age, predicts 
forage choice (Pankiw T. et al., Behav Ecol Sociobiol 
47:265-267 (2000)). Bees with low response thresholds are 
more likely to be pollen foragers and bees with high 
response thresholds are more likely to forage for nectar. 
There is an associated genetic component to Sucrose 
response thresholds and forage choice, Such that bees 
Selected to hoard high quantities of pollen have low response 
thresholds and bees Selected to hoard low quantities of 
pollen have higher response thresholds. 

0010. The number of larvae in colonies also affects the 
number of bees foraging for pollen. Hexane extractable 
compounds from the Surface of larvae (brood pheromone) 
Significantly increase the number of pollen foragers (Pankiw 
T. et al., Behav Ecol Sociobiol 44:193-198 (1998); Pankiw 
T. et al., J. Comp Physiol A 185:207-213 (1999); Pankiw T. et 
al., Behav Ecol Sociobiol. 49:206-213 (2001)). Brood phero 
mone decreases the Sucrose response threshold of bees 
Suggesting a pheromone-modulated Sensory-physiological 
mechanism for regulating foraging division of labor. Honey 
bees respond reflexively to Sucrose by extending the pro 
bOScis when a Sufficiently concentrated Solution touches the 
antennae (Bitterman, M. E. et al., J Comp Psychol 97: 107 
119 (1983)). Brood pheromone significantly decreased 
response thresholds as measured in the proboscis extension 
response assay (PER-RT assay), a response associated with 
pollen foraging (Page R. E. et al., Anim Behav S0:1617-1625 
(1995)). Pollen foragers have lower sucrose response thresh 
olds than do nectar foragers (Page R. E. et al., J. Comp 
Physiol A 182:489-500 (1998)). Water foragers have the 
lowest response thresholds to Sucrose as pre-foragers, pollen 
foragers have the next lowest response thresholds, followed 
by nectar foragers, and foragers returning empty have the 
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highest response thresholds (Pankiw T. et al., Behav Ecol 
Sociobiol 47:265-267 (2000)). 
0.011 Response thresholds to sucrose are also plastic, 
modulated by nutritional Status and previous foraging expe 
rience. Response thresholds are lower in bees fed lower 
quality Sucrose Solutions for 24 hours than bees fed high 
quality Solutions. Previous foraging experience with low or 
high quality Sucrose Solutions modulates response thresh 
olds in the same way. Genotype places a constraint on 
phenotypic response threshold plasticity Such that Strains of 
bees that were Selected to hoard high or low quantities of 
pollen (Page R. E. et al., Anim Behav 50:1617-1625 (1995)), 
when fed high or low quality Sucrose Solutions have 
response thresholds that are proportionately modulated, 
however Strain differences are maintained at all concentra 
tions fed. 

0012 Reports have Suggested that nectar foraging may be 
induced by nurse bees by the Secretion of a Substance 
inhibiting pollen foraging in workers. (Camazine, S. Behav 
Ecol Sociobiol. 32:265-272 (1993)). By this proposed 
mechanism, foraging behavior is controlled by the indirect 
effects of nurse bees producing a pollen-foraging inhibitor, 
with the amount of inhibitor available to feed to foragers 
depending on the amount of pollen Stored and the number of 
larvae that must be fed. In a recent book on honeybee Social 
organization, this explanation is Supported as the way bees 
regulate pollen collection. (Seeley T. D. The Social physi 
ology of honey bee colonies. “Harvard University Press, 
Cambridge MA” (1995)). 
0013 The direct value of honey bees as pollinators is 
valued at more that S14 billion annually in the United States. 
However, commercial honey bee populations are continu 
ally dwindling due to recently imported parasites and patho 
gens, and due to the invasion of the Africanized Honey Bee. 
0.014. According to Morse et al., the value of the rental 
bee colony business alone in 1999 was close to S6 billion in 
the United States, with the leading crops utilizing Such 
Services comprising apple, melons, alfalfa Seed, plum/prune, 
avocado, blueberry, cherry, vegetable Seed, pear, cucumber, 
Sunflower, cranberry and kiwi. This value does not include 
the value of spillover pollination, where the bees are 
released to pollinate a crop for free for the benefit to the 
beekeeper of collecting honey. 
0.015 Parasitic mite and mite-related diseases have 
caused the death of most wild honey bees in the United 
States, on the order of 95 to 98 percent of the wild honeybee 
colonies, and left commercial colonies at risk. In particular, 
the Varroa mite represents a great threat to beekeeping, and 
beekeepers have only one registered chemical (Apistan) to 
control Varroa mites. In Europe, mites have already become 
resistant to that chemical. 

0016. The colonies kept by commercial beekeepers have 
also Suffered Serious losses. Research on the biology and 
control of bee foraging may make it possible for the industry 
to compensate with fewer colonies and Still provide needed 
pollination of crops. Some 90 different crops-ranging from 
apples to Zucchini and cantaloupes to cucumberS-depend 
on honey bee pollination. To Some extent, other insects will 
pollinate specific crops. However, no insect is as widely 
effective as the honey bee, and with the disease losses 
among wild and hobbyist honeybees, the commercial honey 
bees are more important than ever. 
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0017 For this reason, alternatives have been proposed. 
Bumble bees (Bombus) are increasingly used in greenhouse 
cultivation, where a honey beehive would be too large, e.g., 
cabbage and carrot for Seeds, kiwi fruits, Strawberries, 
Summer Squash, eggplant and tomatoes for fruit. About a 
quarter of a million colonies of bumble bees are reared 
artificially every year, and they are used in over thirty 
different countries on over twenty-five crops. Hence, bumble 
bees are of great economic importance, and with the increase 
of glasshouse cultivation, and the Spread of the mite, Varroa 
jacobSOni, causing a decline in honeybee populations, their 
importance can only increase. This is in Spite of the fact that 
bumble bees do not produce harvestable quantities of honey, 
though they do Store a Small amount to Sustain themselves 
for Short periods. 
0018. The ability to manipulate the rates and timing of 
the bee foraging behaviors would be a great advantage to the 
beekeeper. With continuing pressures on honey bee popu 
lations, there is a need to be able to maximize the ability of 
existing colonies, or alternative Species of the bee family, to 
ensure pollination of crops. 
0019. It is therefore an object of the present invention to 
provide methods and compositions which will aid in direct 
ing the foraging behavior of bees, and related methods for 
use in bee colony management. 

BRIEF SUMMARY OF THE INVENTION 

0020. The present invention is directed to the identifica 
tion of synthetic compositions and methods useful in direct 
ing foraging activity in bees. Accordingly, the present inven 
tion comprises a composition, Synthetic brood pheromone, 
which will influence the behavior of foraging bees. The 
invention also provides a method for increasing pollen 
foraging activity in bees, by applying a Synthetic brood 
pheromone comprising methyl palmitate, ethyl palmitate, 
methyl Stearate, ethyl Stearate, methyl oleate, ethyl oleate, 
methyllinoleate, ethyllinoleate, methyllinolenate and ethyl 
linolenate, or an active mixture comprising one or more of 
the enumerated esters, to a bee colony to increase the 
proportion of pollen foragers present in the colony. 
0021. A number of different approaches may be used to 
apply or affix the Synthetic brood pheromone to the colony. 
It is necessary that the bees come into contact with the 
pheromone, and it is preferred that the pheromone has a 
reasonable period of time for release within and to the 
colony. Any Such method can be used, So long as the 
application of the Synthetic brood pheromone to the bees 
results in an increase in the proportion of pollen foragers 
within the colony. 
0022. In one preferred method for utilizing synthetic 
brood pheromone, colonies are Supplied with Synthetic 
brood pheromone, whereby the bees are directed to forage 
for pollen even when there is no brood in the colony. 
0023. In another preferred embodiment, synthetic brood 
pheromone is used as an aid in bee management, by direct 
ing colonies to accumulate extra pollen, which can benefit 
colonies, i.e., to increase overall nutrition of the colony or to 
prepare the colony with important pollen Stores for over 
wintering. 
0024. Alternatively, the increase in forager activity may 
directly benefit the beekeeper or the farmer, by keeping bees 
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in the field collecting pollen longer. This may be a benefit 
when extending pollination over a long flowering Season, to 
re-initiate pollination for a new crop, or even to initiate 
pollen foraging activity in time for an early flowering crop. 
Finally, the beekeeper may benefit if collecting pollen for 
commercial purposes, by increasing the yield of pollen 
produced by a hive. 

0.025 In some cases by extending the bees pollen forag 
ing activity, Synthetic brood pheromone will benefit the 
colony by helping to Stabilize the colony, which could be 
important when establishing a new colony without brood, or 
to keep a colony together long enough to establish a new 
queen within the colony. The Synthetic brood pheromone 
reduces the drift of bees away from an establishing or 
temporary colony. In many applications, Such as where a 
new colony is being established with a new queen, there may 
be an advantage to additionally applying queen mandibular 
pheromone to the colony with the synthetic brood phero 
mone, as the queen mandibular pheromone will further aid 
in keeping the workers returning to the colony. 

0026. In a preferred embodiment, the synthetic brood 
pheromone is incorporated into a device for insertion into 
the bee colony. 

0027. In a further embodiment of the present invention 
Synthetic brood pheromone is incorporated as part of a 
“pollination unit', which allows the rapid establishment of 
a quantity of bees in the field focused on pollination. The 
Simplest version of Such a pollination unit includes a col 
lection of bees and a sufficient quantity of synthetic brood 
pheromone to create a temporarily Stable population of bees. 
Such a unit preferably includes at least about 5,000 bees, and 
preferably in the range of about 10,000 to 15,000 or more 
when using honey bees (approximately 3 to 5 pounds of 
honey bees). In a more preferred embodiment, a quantity of 
Synthetic queen mandibular pheromone is included with the 
pollination unit. 

0028. The pollination unit includes the synthetic brood 
pheromone, either affixed to the housing or provided in a 
Separate form for application of the Synthetic pheromone to 
the colony. 

0029 With such a unit, the responsibility of hive main 
tenance is dispensed with, and the entire unit may even be 
disposable, in the Sense that the colony can be left in an 
orchard at the end of the pollination Season. 
0030 The pollination unit may be supplied with a comb 
and a quantity of food, Such as Sugar, for the establishment 
of the unit. In a preferred embodiment the pollination unit 
will include a housing unit appropriate for the Social activi 
ties of the colony of honey bees. For temporary disposable 
applications, the housing unit will be disposable itself, and 
preferably of biodegradable materials. In Such a case, the 
manager of an orchard may treat the pollination unit as fully 
disposable unit, with no need to remove the bees or the 
housing from the orchard or field at the end of the Season. 
This may be especially advantageous where numerous Such 
units are to be applied to the field or orchard, and where 
Subsequent Seasonal activities, Such as Spraying, may be 
harmful to a traditional breeding colony. If the pollination 
unit is disposable, the bees will drift away or die over time, 
with no brood or queen to permanently link them to the 
housing unit. 
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0031. Alternatively, the pollination unit may include a 
queen, for the establishment of a permanent, breeding 
colony. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 FIG. 1 provides the PER scores of bees in response 
to Sucrose (gray bars) and water (open bars), from the 
experiments in Example 4. 

0033 FIG. 2 shows the PER scores of bees to sucrose 
(gray bars) and water (open bars) from Example 5. 
0034 FIG. 3 provides the ratio of pollen to non-pollen 
foragers counted at pollen and Sucrose foraging Stations in a 
flight cage. 

0035 FIG. 4 shows results of pollen (4a) and non-pollen 
(4b) foragers entering colonies in a 5 minute period 1-4 
hours after treatment with 1000 larval equivalents of 
“young” or “old” synthetic blends (SB) of brood pheromone 
or broodless control. Results are also shown for pollen (4c) 
and non-pollen (4d) foragers entering colonies in a 5 minute 
period 1-4 hours after treatment with 4000 larval equivalents 
of “young” or “old” synthetic blends (SB) of brood phero 
mone or broodless control. 

0036 FIG. 5 provides the Ratio of pollen to non-pollen 
foragers entering free-flying colonies treated with Synthetic 
brood pheromone at a dose of 3:1 larval equivalents to 
number of bees. 

0037 FIG. 6 provides results of measurements of free 
flying colonies in a bloSSoming almond orchard after receiv 
ing a pulsed treatment of Synthetic brood pheromone at a 
dose of 10:1 larval equivalents to number of bees. Results 
are for the ratio of pollen to non-pollen foragers entering 
colonies in a 5-minute period. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0038. By this invention synthetic brood pheromone com 
positions are disclosed, as well as the use of Such phero 
mones in manipulating the pollen foraging behavior of bees. 
0039. In contrast to the teaching that nectar foraging is 
induced by nurse bees through the Secretion of Substances 
inhibiting pollen foraging in workers, methods are provided 
herein whereby Synthetic brood pheromone provides a Sur 
prising, Simple and direct phermone for directing pollen 
foraging behavior in a colony of bees. 
0040. The synthetic brood pheromone provides a strong 
Stimulator for pollen foraging. When added to a colony, the 
number of pollen foragers (the pollinators) is greatly 
increased, making each colony a better pollinating unit. 
0041. The methods presented herein are preferably 
employed with bees of the family Apidae. The family 
Apidae is the most evolved family of the order 
Hymenoptera, the Social and anthophilous insects. This 
family includes the subfamily Bombinae (including bumble 
bees and orchard bees) Meliponinae (stingless bees of the 
tropics) and Apinae, which includes the modem honey bees 
(genus Apis). Bees are responsible for pollinating plants that 
provide much of our food; in North America it is believed 
that 30% of food for human consumption originates from 
plants pollinated by bees. 
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0.042 Honey bees are generally thought of as the most 
common pollinator, and are the most widely Studied, but 
bumble bees are the chief pollinators of red clover, alfalfa, 
and in Some areas cotton, raspberries, apple and plum 
bloSSom. In regions where honey bee pollination is limited 
by low temperatures, bumble bees are frequently the chief 
pollinators. Bumble bees (Genus Bombus) are semi-social 
bees with similarities to the honeybee. Bumble bees have a 
queen that produces drones, workers and other queens. 
However, the colonies are annual, unlike the honey bee's 
year-round colonies. 
0.043 Bumble bees are preferred pollinators of many 
crops for three reasons: 1) they can fly at much lower 
temperatures than honeybees, as low as 10 C. and Some 
times even lower; 2) many species have longer tongues than 
honeybees, So they can pollinate flowers with long, narrow 
corollas, and 3) they are very hairy and their hairs are 
branched and So are perfect for picking up and transferring 
pollen. 
0044 Hence, in a preferred embodiment, synthetic brood 
pheromone is used to direct pollen foraging behavior of the 
bees of the genus Bombus, or bumble bees. 
0.045 Another preferred method involves directing pol 
len foraging behavior of the honey bee, more particularly, 
honey bees of the Species Apis mellifera, although the use of 
the Synthetic brood pheromone to drive foraging activity 
will find use with the other species of Apis. Apis mellifera 
has been introduced throughout the World due to its great 
advantages for purposes of beekeeping as a commercial 
enterprise. In Some parts of ASia where beekeeping with A. 
mellifera has become a great commercial activity, there are 
very few colonies of Apis cerana left, most being found with 
farmers in remote villages. 
0046) However, Apis cerana is resistant to common mites 
Such as Varroa and Tropilaelaps, whereas Apis mellifera is 
highly Susceptible to them and requires expensive chemicals 
to control them. For this reason A. cerana has been proposed 
as an important option in providing global pollinator biodi 
versity. Further, five Sub-Species of A. Cerana are also know, 
namely, A. cerana cerana, A. cerana Skorikovi, A. cerana 
abaensis, A. cerana hainanensis, and A. cerana indica. 
Among these, A. Cerana cerana found in the high mountain 
areas of Nepal, India, and China is larger in size than other 
cerana Species and Some experts consider that it more 
closely matches Apis mellifera in behavior and honey pro 
duction, thus representing Some potential for improvement 
in this species for commercial use. 
0047 As used herein, synthetic brood pheromone means 
a component or combination of components present in the 
hexane wash of larvae, and which is active in directing the 
foraging behavior of worker honey bees exposed to the 
component(s). In one embodiment, the Synthetic brood 
pheromone comprises a mixture of methyl palmitate, ethyl 
palmitate, methyl Stearate, ethyl Stearate, methyl oleate, 
ethyl oleate, methyl linoleate, ethyl linoleate, methyl lino 
lenate and ethyl linolenate. However, any component or 
combination active in increasing pollen foraging activity of 
the worker is also contemplated by this definition. For 
example, in Some embodiments, the Synthetic brood phero 
mone of the invention consists essentially of a single com 
ponent listed above. In Some embodiments the Single com 
ponent is methyl oleate. 
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0048. The “old” larvae extract is summarized in Table 1. 
However, the components or combination of components 
necessary to drive forager activity have not been elucidated, 
and any combination of the components of Synthetic brood 
pheromone provided by the table which are effective, are 
encompassed by this invention. 

0049. In one preferred embodiment, the components are 
mixed in the ratio of the 10 predominant esters found in the 
hexane wash of older larvae. This composition comprises, 
by weight, about 1% ethyl linoleate, about 13% ethyl 
linolenate, about 8% ethyl oleate, about 3% ethyl palmitate, 
about 7% ethyl stearate, about 6% ethyllinoleate, about 21% 
methyl linolenate, about 25% methyl oleate, about 3% 
methyl palmitate, and about 17% methyl stearate. 

0050. The synthetic brood pheromone functions in the 
colony as a “brood Surrogate', by mimicking the Signals of 
a breeding colony and imparting the perception to the honey 
bee workers of a brood and all of the responsibilities that 
attend to it. Regarding foraging behavior, the addition of 
Synthetic brood pheromone to the colony gives the workers 
a new control Set-point, with added perceived brood phero 
mone providing a positive Stimulus to pollen foraging. 
Pollen foraging will continue until the accumulated pollen 
Stores can counterVail the extra brood pheromone Stimulus. 
Thus, for any set of colony conditions the synthetic brood 
pheromone will result in an increase in pollen foraging 
activity within the colony, for a given Set of conditions. 
0051. The manner in which the foraging activity is 
increased is not important to the invention. This may be 
accomplished by increasing the proportion of pollen forag 
erS in the colony, or it may be accomplished by shifting the 
percentage of foraging behavior of individual bees toward 
pollen foraging. 

0052 The use of synthetic brood pheromone of this 
invention allows a very cost-effective method to accomplish 
the goals of Stabilization and behavior management of bee 
colonies. The cost of the esters used to produce the Synthetic 
brood pheromone is very Small, and processes for combin 
ing the compounds is simple, and well known to the art. The 
Synthetic brood pheromone is easily oxidizable, and must be 
Stored in low-oxygen conditions, preferably at -20°C., and 
most preferably at -70° C. if it will be stored for any long 
period of time. Alternatively, the Synthetic brood pheromone 
may be Solubilized, encapsulated or otherwise trapped 
within a Substrate. 

0053 Any of numerous other methods known to the art 
for release of the synthetic brood pheromone to the colony 
may be utilized. For instance, the Synthetic brood phero 
mone may be Solubilized in an organic Substance, Such as 
paraffin, vegetable wax or beeswax. It may also be Sus 
pended in water, Such as by Suspending in a colloidal gel 
matrix. 

0054) Many mechanisms are available for the delivery of 
the Synthetic brood pheromone to the colony. Various types 
of aeroSol, Vapor, liquid, Solid or even powdered Substrates 
will allow control of the placement and/or timing of release 
of the pheromone within the colony. U.S. Pat. No. 5,750, 
129, issued May 12, 1998 to Wakarchuk, discloses a device 
useful in the controlled release of pheromones and other 
Semiochemicals. This patent describes various Structures 
and devices, which have been employed in the controlled 
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release of pheromones, and claims a permeable release rate 
controlling polymer membrane, preferably using matrix 
materials which are polyurethanes. By varying the Semio 
chemical load, the croSS-linking density of the matrix, the 
presence of various resin additives, and the type of perme 
able membrane, a variety of release characteristics are 
obtained. 

0055) Preferred are methods such as claimed in U.S. Pat. 
No. 5,750,129, which incorporate a pheromone in a solid 
Substrate. Various Substrates, both organic and inorganic are 
Suitable for this purpose, including Silica, alumina, cellulose, 
modified cellulose, dry vegetable matter, and Synthetic poly 
mers. Moldable synthetic polymers may be fashioned as 
devices to allow Simple addition to or insertion into the 
colony. 

0056 U.S. Pat. No. 6,132,749, issued Oct. 17, 2000, to 
Saguchi, et al., discloses Sustained release pheromone-con 
taining preparation incorporating a pheromone into a pow 
dered Synthetic resin, which can then be sprayed by known 
methods providing constant release of the pheromone over 
a broad area of coverage for a long period of time. 
0057 U.S. Pat. No. 4,990,331, “Novel Pheromone Com 
position for Use in Controlling Honeybee Colonies”, issued 
Feb. 5, 1991, to Slessor, et al., discloses methods for using 
queen-produced mandibular gland Substances to control 
worker bee activity toward the establishment and stabiliza 
tion of the colony. Phero Tech Inc. (7572 Progress Way, 
Delta, British Columbia, Canada), produces Such products 
using the queen mandibular pheromone. One Such product is 
called Bee BoostTM, and is provided as a small plastic release 
device containing queen mandibular pheromone. Bee Boost 
is used to aid management of honey bee colonies as a 
“pseudoqueen', contributing to hive Stability when shipping 
queenleSS packages of bees, and also improving queen 
rearing Success when used in queen mating. 
0.058. The Examples demonstrate the manner in which 
the foraging behavior of honey bees is directed using the 
synthetic brood pheromone. Synthetic brood pheromone 
Stimulates and releases pollen foraging in foraging bioas 
SayS. Synthetic brood pheromone has dose-dependent effects 
on the modulation of Sucrose response thresholds, acting as 
a releaser of pollen foraging in older bees and a primer 
pheromone on the development of response thresholds. 
0059. With the methods provided herein, synthetic brood 
pheromone may be used to increase the number of pollen 
foragers of a honeybee colony. The pheromone acts to lower 
response thresholds to Sucrose, the Sensory-physiological 
correlate of pollen foraging behavior in honey bees. 
0060. The examples demonstrate that synthetic brood 
pheromone decreases honey bee Sucrose response thresh 
olds, and example of a pheromones modulating a Sensory 
physiological process, the PER response to Sucrose. A shift 
in response thresholds acts on division of labor for foraging, 
resulting in a Specific organizational pattern of behavior as 
a consequence of varied response thresholds in the colony, 
shifting a proportion of workers to a specific role, i.e., pollen 
foraging. 

0061 Water responses in this experiment were not modu 
lated to the same degree as Sucrose responses. Although 
responses to Sucrose and water are not completely indepen 
dent, they are different. In a previous Study, water responses 
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were not significantly different between high and low pollen 
hoarding Strain pre-foragers and did not increase with age at 
the same rate as Sucrose responses (Pankiw T. et al., J. Comp 
Physiol A185:207-213 (1999)). However, just prior to for 
aging low Strain bees became Significantly more responsive 
to water than did high strain bees (Pankiw T. et al., J Comp 
Physiol A185:207-213 (1999)). It’s not clear if other known 
foraging Stimuli Such as, empty comb Space or, changes in 
adult demography modulate responsiveness to water. 
0062 Bees showed dose-dependent responses to brood 
pheromone in the PER-RT assay. The synthetic brood phero 
mone at a dose of 100:1 and larval washes at 1:1 were 
equally efficacious in decreasing Sucrose response thresh 
olds. While the responsibility of the esters in the larval 
washes for this behavior was not quantified, is possible that 
one or a combination of esterS modulates response thresh 
olds and the hexane Washing technique extracts similar 
quantities to that of “old” SB at 100:1. Alternately, the 
Synthetic blend may not contain a Substance (or Substances) 
that increases the efficacy of brood pheromone to modulate 
response thresholds. It is clear that increasing the amount of 
esters to 100:1 Significantly decreased response thresholds. 
0063 A dose of synthetic brood pheromone at 1000:1 
increased response thresholds above that of the control. This 
is interesting because colonies given additional larvae to 
Stimulate pollen foraging also have bees with Significantly 
younger foraging ages. Response thresholds change with 
age, decreasing with the onset of foraging (Pankiw T. et al., 
J Comp Physiol A185:207-213 (1999)). Brood pheromone 
may modulate behavioral development, with modulation 
dependent on the ratio of larvae to bees in the colony. 
0064. The high dose of 1000:1 of synthetic brood phero 
mone also resulted in high mortalities. This is most likely 
due to a combination of high dose and cage size. Such a high 
dose of pheromone in a Small area would not be encountered 
in nature. Bees did not appear to be repelled by the 1000:1 
dose of pheromone. Spiracles may have become blocked 
due to an excess amount of lipids on the Surface, or other 
factors may have contributed to the cause of death. Most of 
the dead bees appeared on the bottoms of cages the day prior 
to the PER assay, explaining why Sucrose and water con 
Sumptions were not significantly different, and indicating 
that these bees did not feed differently from the other 
treatmentS. 

0065 Synthetic brood pheromone acts as a releaser of 
pollen foraging as demonstrated in Experiment 7. Releaser 
effects comprise a response to a Stimulus mediated by the 
nervous system (Hollbobler B. et al., Annals Ent Soc Am 
63:222-228 (1990)). Pollen foraging was stimulated one 
hour after applying the pheromone and decreased to control 
levels one hour after treatment removal. Experiments 6 and 
7 indicated that the releaser response is dose dependent, and 
that over time the pheromone is rendered ineffective or is 
removed. In a previous Study larval washes Singularly Stimu 
lated pollen foraging (Pankiw T. et al., Behav Ecol Sociobiol 
44:193-198 (1998)). 

EXAMPLES 

0066 For the purposes of statistical analyses and visual 
displays the results from PER-RT assays were transformed 
to Sucrose and water response Scores. The Sucrose Score is 
the total number of responses of the bee to antennal Stimu 
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lation and is directly related to the response threshold of the 
individual because most bees continue to respond to all 
increasing concentrations of Sucrose following their initial 
response. High Scores indicate low response thresholds to 
Sucrose, and low Scores indicate high response thresholds to 
sucrose. Mann-Whitney U tests were used to analyze treat 
ment effects in Example 3. Saturated categorical models 
were used to analyze Sucrose and water Scores in Examples 
4 and 5 (CATMOD of SAS; (Stokes M. E. et al., Categorical 
Data Analysis. Using the SAS System. SAS Institute Inc., 
Cary, N. C. (1997)). The volume of Sucrose and water 
consumed by caged bees was normally distributed So 
ANOVA was used to determine consumption differences 
among treatments. Contingency table analyses were used to 
analyze the forager count data of Examples 6 and 7. 
Entrance count data were normally distributed permitting 
repeated-measures analysis to determine the effects of treat 
ment and time after treatment on forager activity in Experi 
ment 4 (Sokal R. R. et al., Biometry. The principles and 
practice of Statistics in biological research., “3 edin. W. H. 
Freemand and Company, New York, N.Y.” (1995)). 

Example 1 

Larval Washes (LW) and the Synthetic Blends (SB) 
of Brood Pheromone 

0067. Larval washes were prepared by soaking 200 2-4 
day old larvae in 10 ml of HPLC grade n-hexane (Fisher 
Scientific) for 1 hour at 20° C. (after Le Conte, Y. et al., 
Science 245:638-639 (1989)). This is a preparation of 200 
larval equivalents (Leq), called LW. The preparations were 
decanted into amber glass Vials and Stored in a -20° C. 
freezer prior to use. Trouiller J. “La communication 
chimique inter- et intraspccificque chez labeille. Ph. D. 
Thesis, University of Paris, France” (1993) characterized the 
chemical components Soluble in hexane from larvae of 
various ages. “Young” and “old” larva blends of 200 Leqin 
10 ml hexane were formulated, as “young” and “old” 
synthetic blends (SB), respectively (table 1; synthetic brood 
pheromone blends as a percent of total esters). After formu 
lation, the Synthetic blends were handled in the same way as 
the larval washes. All of the preparations were stored at -20° 
C. for no longer than 14 days prior to use. 

TABLE 1. 

"young larva (11 ng? “old” larva (560 
Compound larva) ng/larva) 

ethyl linoleate 3 1. 
ethyl linolenate 7 13 
ethyl oleate 33 8 
ethyl palmitate 12 3 
ethyl stearate 15 7 
methyl linoleate 1O 2 
methyl linolenate O 21 
methyl oleate 11 25 
methyl palmitate 9 3 
methyl stearate O 17 

*total esters in 1 larval equivalent (Leq) 

Example 2 

The Proboscis Extension Response Assay (PER-RT 
ASSay) 

0068 The proboscis extension response (PER) was used 
to determine a bee’s responsiveness to increasing concen 
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trations of sucrose (see Page R. E. et al., J Comp Physiol A 
182:489-500 (1998)). Honey bees reflexively extend the 
proboscis in response to antenna Stimulation with a Suffi 
ciently concentrated Sucrose Solution (Bitterman, M. E. et 
al., J. Comp Psychol 97: 107-119 (1983)). The concentration 
at which an individual responds the Sucrose response thresh 
old (PER-RT). Bees were mounted in small brass tubes that 
restrained movement but allowed free movement of the 
antennae and mouthparts (Bitterman, M. E. et al., J. Comp 
Psychol97: 107-119 (1983)). The bees were not immobilized 
by chilling prior to mounting in the brass holders. Bees were 
allowed to recover for approximately 30 minutes before 
testing. Bees were tested with an ascending concentration 
Series of Sucrose Solutions alternated with water. That is, 
each antenna was touched once with the following Solutions 
in this order: water, 0.1%, water, 0.3%, water, 1%, water, 
3%, water, 10%, water, 30%. The proboscis extension 
responses of the bees were recorded. Mean PER scores 
indicate the mean Sum of responses to Sucrose or water. That 
is, a Score of 6 indicates that an individual responded to all 
Sucrose concentrations and thus has a low response thresh 
old to Sucrose. A Score of 1 indicates an individual 
responded only to 30%. Sucrose and thus has a high response 
threshold to Sucrose. 

Example 3 

Effect of Larval Washes on PER-RT 

0069. Two hundred newly emerged workers from 3 
mixed “wild-type' Sources were placed into plexi-glass and 
wire-mesh cages (14.6 cmx10 cmx7.7 cm). Two cages of 
bees were prepared and randomly chosen for one of two 
treatments: 1) 200 Leq of LW (n=83), and 2) 10 ml hexane 
control, (n=81). The treatments were applied to hexane 
rinsed glass plates (9.5 cmx5 cm) and Suspended in the 
cages. The plates were approximately the same area that 200 
larvae would occupy in wax combs. Ten milliliters of hexane 
or hexane washes of larvae were spread as evenly as possible 
over one side of each plate and the hexane was allowed to 
evaporate in a fume hood. Every twenty-four hours the 
previous day's plate was removed from the cage and 
replaced with a freshly treated plate. Bees were provided 
with 30% sucrose ad libitum. Solution consumption was 
measured daily to test for possible indirect effects of phero 
mone. The bees were reared in an incubator maintained at 
32 C. for seven days. On the eighth day PER-RT was 
measured. 

0070 Bees exposed to LW for 7 days had significantly 
higher sucrose scores in the PER-RT assay than control bees 
(Xw 3.6-0.1 (Standard error), X =1.9-0.2, Mann 
Whitney U=1,469.0, P-0.000 1). A higher sucrose score 
means a lower response threshold to Sucrose. 

0071. There was no treatment effect on responses to 
water (Xw 0.4+0.1, X_0.3-0.1; Mann-Whitney U 
2,019.5, P-0.05). Amount of daily sucrose consumption was 
not significantly different between treatments (Xw=2.3-0.3 
ml; X=2.8+0.4 mil: ANOVA F-29, P-0.05). There 
were no significant differences in consumption between days 
(ANOVA F-35, P>0.05). 
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Example 4 

Effect of Synthetic Blends and Larval Washes of 
Brood Pheromone on PER-RT 

0.072 Cage preparation, sources and number of bees were 
the same as in Experiment 1. In this experiment there were 
three treatments: 1) 200 Leq of LW, 2) 200 Leq of “old” SB 
and, 3) hexane control. The treatments were applied daily for 
Seven days on glass plates as described in Experiment 1. On 
the eighth day bees were tested for their responsiveness to 
Sucrose and water in the PER assay. Sucrose consumption 
was measured every 48 hours. The experiment was repli 
cated 3 times. True replication took place with different bees 
and cages for each replicate of the protocol. For the follow 
ing treatments the number of bees tested for replicates 1 to 
3, respectively, were: LW 100, 100, 100; SB 95, 86, 98; 
Control 98, 103, and 97. 
0073 FIG. 1 provides the PER scores of bees to the 
Sucrose (gray bars) and water (open bars), from Example 4. 
Bees were exposed to brood pheromone preparations made 
from hexane washes of larvae (LW) a synthetic blend (SB), 
or no pheromone control for their first six days of adult life. 
0.074 Larval washes of brood pheromone significantly 
lowered the sucrose response thresholds of adult bees. There 
was no effect of replicate on Sucrose scores (X=3.1, 2 df. 
P>0.05). There was a significant treatment effect on probos 
cis responses to sucrose (X=324.6, 2df, p<0.0001; FIG. 1) 
justifying unplanned paired treatment comparisons. Paired 
comparisons showed bees exposed to brood pheromone for 
Seven days had significantly lower Sucrose response thresh 
olds than control (X=237.0, 1 dif, P-0.0001) and synthetic 
blend treated bees (X=166.8, 1 df; P-0.0001). There was 
no difference between control and synthetic blend treated 
bees for sucrose scores (X=3.5, 1 df, P>0.05). 
0075. There was no effect of replicate on water scores 
(X =3.2, 2 df, p>0.05). There was no significant effect of 
treatment on water scores (X=2. 12' df, p>0.05; FIG. 1). 
The average amount of Sucrose consumed by the cages of 
bees was 10.7+0.5 ml per 36 hours. There were no signifi 
cant effects of replicate (F=0.97, 1 df; p>0.05), date (F=0.62, 
3 df, p>0.05), or treatment (F=1.20, 2 df, p>0.05) on the 
amount of Sucrose consumed. 

Example 5 

Dose-dependent Synthetic Brood Pheromone 
Modulation of PER-RT 

0.076 The purpose of this experiment was to determine 
PER-RT dose responses. Two hundred newly emerged 
workers from mixed “wild-type' sources were placed into 
plexi-glass and wire-mesh cages (as above). Cages were 
provided with 20 ml of a 30% sucrose solution and 20 ml of 
water daily. Daily consumption of liquids was determined by 
measuring the amounts remaining in the Vials. There were 
five treatments in this experiment: 1) LW at a dose of 1 Leq 
to 1 adult bee daily (dose of 1:1), 2) SB at a dose of 10:1, 
3) SB at a dose of 100:1, 4) SB at a dose of 1000:1, and 5) 
control given a hexane rinsed glass plate daily. The SB used 
was the “old larva' blend (Table 1). Bees were measured for 
their PER-RT on day five. The number of dead bees on the 
bottom of the cages was counted to determine mortality. The 
experiment was replicated 3 times. True replication took 
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place with different bees and cages for each replicate of the 
protocol. Sixty bees per replicate per treatment were tested 
for PER-RT. 

0.077 FIG. 2 shows the PER scores of bees to sucrose 
(gray bars) and water (open bars) when exposed to brood 
pheromone preparations made from hexane washes of larvae 
(LW) at a dose of 1:1 larval equivalents to bees, and doses 
of synthetic blend (SB) pheromone, as in Example 5. 
0078. There was no effect of replicate on Sucrose scores 
(X=0.7, 2 dif, P-0.05). There were significant effects of 
treatment on Sucrose scores (X=403.5, 4 dif, P-0.0001; 
FIG. 2). There was no significant effect of replicate on water 
responses (X=1.5, 2 dif, P-0.05). Treatment significantly 
affected water responses (X=92.3, 4 dif, P-0.0001). The 
results of treatment pair comparisons are reported in Table 
2, which has the comparisons for PER responses to Sucrose 
and water Stimuli using categorical models (see FIG. 2 for 
mean PER scores). The larval washes of brood pheromone 
delivered at a dose of 1:1 Leq:bee and SB at 100:1 had 
Sucrose and water Scores that were Statistically similar and 
statistically greater than the controls (Table 2 and FIG. 2). 
This means that these preparations of brood pheromone 
Significantly decreased response thresholds to Sucrose com 
pared to the control treatment. The SB dose of 10:1 did not 
Significantly change Sucrose or water Scores compared to the 
control (Table 2 and FIG. 2). However, the SB dose of 
1000:1 had sucrose scores that were significantly lower than 
the control (Table 2 and FIG. 2). Sucrose and water con 
Sumption was not significantly different between the phero 
mone treatments (ANOVA Replicate 1: Sucrose Fo-0.3, 
p>0.5, Water Fo-1.0, p>0.5; Replicate 2: Sucrose Fo 
0.03, p>0.05, Water Fo-0.1, p>0.05; Replicate 3: Sucrose 
Fo-0.3, P>0.5, Water Fo-0.3, P>0.05). The SB treat 
ment of 1000:1 caused notably higher mortality than the 
other treatments (38.6%, 40.5%, and 38.5% in replicates 1, 
2, and 3 respectively). Mortalities for all other treatments 
ranged from 0.5% to 9.5%. 

TABLE 2 

Experiment 3 results of treatment pair comparisons for PER responses to 
sucrose and water stimuli using categorical models (see FIG. 2 

for mean PER scores). 

Sucrose Water 

ICSDOISC SCOIC ICSDOISC SCOIC 

Comparison X2 P(1 df) X2 P(1 df) 

Control vs LW 84.4 &OOO1 8.3 &O.O1 
Control vs 10:1 2.24 >0.05 1.4 >0.05 
Control vs 100:1 75.7 &OOO1 1.O.O &O.O1 
Control vs 1000:1 33.1 &OOO1 17.3 &O.OO1 
LW vs 10:1 63.5 &OOO1 3.1 >0.05 
LW vs 100:1 0.4 >0.05 O.OS >0.05 
LW vs 1000:1 287.2 &OOO1 44.6 &O.OO1 
10:1 vs 100:1 55.5 &OOO1 4.1 >0.05 
10:1 vs 1000:1 59.5 &OOO1 27.2 &O.OO1 
100:1 vs 1000:1 271.9 &OOO1 49.5 &O.OO1 

Example 6 

Effect of Synthetic Blends and Doses on Foraging 
Behavior in a Flight-Cage 

007.9 The efficacies of the two synthetic blends of brood 
pheromone were examined as foraging Stimulants. These 
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experiments were conducted in a large flight cage (18 mx8 
mx4.5 m) that was divided into three equal parts. The 
treatments were presented to colonies on glass plates 
approximately 328 cm and 1,312 cm’, an area 1000 and 
4000 larvae occupy on wax combs, respectively. The blends 
were poured onto the glass plates and the hexane was 
allowed to evaporate in a fume hood. The plates were 
suspended with wire within a standard wooden frame with 
out wax comb and immediately placed in the middle of each 
colony. Control plates were washed with hexane and pre 
Sented in the same way. Colonies were manipulated So that 
colony-level measures Such as areas of empty Space, pollen, 
and honey, were equivalent between colonies and treat 
ments. Measures were estimated by the use a wire grid 
divided into inch Square quadrants. The area covered by bees 
was converted to bee numbers-(1.5 bees per cm). Numbers 
of bees varied but not significantly and averaged around 
12,000. The number of bees foraging at the pollen and 
Sucrose feeding Stations were tallied. To avoid counting 
individuals repeatedly we paint-marked the thorax of each 
individual tallied. Pollen feeders contained pure ground 
pollen. Sucrose feeders contained a 30% sucrose solution. 
Bees were tallied at each feeding station for 9 minutes every 
hour (a total of 6 stations per hour). Feeders were replen 
ished as necessary and were never empty. To avoid counting 
the same individual more than once we captured and paint 
marked each forager at the feeding Stations. Different colors 
of paint were used for pollen and Sucrose foragers for each 
pseudo-replication So that forager resource Switching could 
be observed between treatments. 

0080. One five-minute entrance count was conducted 
1,2,3 and 4 hours after treatment on each colony. The 
observer recorded the type of load for every returning 
forager, pollen or non-pollen. The rate of colony-level 
foraging activity was determined as well as the ratio of 
pollen to non-pollen foragers. In our previous study (Pankiw 
T. et al., Behav Ecol Sociobiol 1044: 193-198 (1998)) pollen 
forager entrance counts indicated the length of time after 
application that brood pheromone significantly Stimulated 
pollen foraging in treated verSuS control colonies. Entrance 
counts began one hour after treatment application. 
0081. Initially three colonies were alternately treated 
with three treatments; 1) “young” synthetic blend at 1,000 
larval equivalents (Lee), 2) “old” synthetic blend at 1,000 
Leqand, 3) control with blank glass plates (Table 1). Finally, 
Six colonies were alternately treated with three treatments, 
1) young synthetic blend at 4,000 larval equivalents (Leq), 
2) 'old' synthetic blend at 4,000 Leqand, 3) control with 
blank glass plates (Table 1). Alternating treatments means 
that colonies received each of the three treatments on 
different days with different treatments separated by at. least 
2 days per colony. After a treatment the colonies were 
removed from the flight cage and restored with natural brood 
for at least 2 days between alternate treatments. In prepa 
ration for experimental treatment all frames with any eggs, 
larvae, or pupae were removed at the same time treatments 
were applied, at about 0900-1000 h. Treatments remained in 
the colonies for a maximum of 4.5 hours. 

0082 FIG. 3 provides the ratio of pollen to non-pollen 
foragers counted at pollen and Sucrose foraging Stations in a 
flight cage. Colonies were treated with 1000 larval equiva 
lents of “young” and “old” synthetic blends (SB) of brood 
pheromone or broodless control (3a). In (3.b) the ratio of 
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pollen to non-pollen foragers counted at pollen and Sucrose 
foraging Stations in a flight cage is shown. Colonies were 
treated with a dose of 4000 larval equivalents of the syn 
thetic blends. 

0083. There was no treatment effect on the number of 
foragers observed at the foraging stations (3X2 Contingency 
Table analysis X=3.3, 2 dl p>0. 1; FIG. 3a). Repeated 
measures analysis of entrance count data showed that there 
was no significant treatment effect on the number of pollen 
foragers (F=0.4, 2 dif, P>0.05; FIG. 4a), nor on the number 
of non-pollen foragers (F=1.5 df, P>005; FIG. 4b). The 
effect of hour after the application of treatments on the 
number of pollen foragers entering colonies was significant 
(F=15.7, 3df, P-0.0001; FIG. 4a), but not significant for the 
number of non-pollen foragers (F=1.4, 3 dif, P>0.OS). The 
number of pollen foragers entering the colonies significantly 
decreased with time after the application of treatments Such 
that the number of pollen foragers was significantly lower 4 
hours after treatment compared to 1 hour after treatment 
(F=36.3, I df, P-0.001; FIG. 4a). However, there was no 
significant interaction of hour by treatment (Pollen F=0.7, 6 
df, P-0.05; Non-pollen F=1.9, 6 dif, P-0.05), indicating that 
between treatments the decrease in the number of pollen and 
non-pollen foragers with time was not different (FIGS. 4a 
and b). 
0084. There was a significant treatment effect on the 
number of foragers observed at the foraging stations (3X2 
contingency table analysis X=45.6, 2 dif, P-0.0001; FIG. 
3b). The “old” synthetic blend was significantly more stimu 
lating than the “young" blend (2X2 contingency table analy 
sis x'=4.6, 1 dif, P-0.02; FIG. 3b). Repeated measures 
analysis of entrance count data showed that there was no 
Significant treatment effect on the number of pollen foragers 
(F=0.8 df. p>0.05), nor on the number of non-pollen foragers 
(F=2.2, 2 df, P>0.05) entering colonies in a 5-minute period 
(FIGS. 4c and 4d). There was a significant effect of hour on 
the number of pollen foragers (F=2.8, 3 df, P-0.0.5) entering 
colonies. This means that the number of pollen foragers 
entering the colonies decreased with time after application 
of the treatments (FIG. 4c). There was no effect of hour on 
the number of non-pollen foragers (F=1.4, 3 dif, P>0.05; 
FIG. 4d). There were no significant interactions of time by 
treatment for pollen (F=0.7, 6 df, P>0.OOS) or non-pollen 
foragers (F=1.9.6 dif, P-0.05). 
0085. No foragers were seen Switching between 
resources due to treatment. For example, a forager observed 
collecting Sucrose in treatment 1 was not Subsequently 
observed collecting pollen in treatments 2 or 3. Any increase 
in the number of pollen foragers due to treatment was a 
consequence of additional pollen foragers, rather than pre 
viously observed Sucrose foragerS Switching to pollen. 

Example 7 

SVnthetic Brood Pheromone Stimulates Pollen 
Foraging in Free-Flying Colonies. 

0086) Colonies containing 10,000-20,000 bees were 
Selected from approximately 100 colonies in approximately 
16 hectare blossoming almond orchard near Davis, Calif., 
Surrounded by other blossoming almond and plum orchards. 
The number of bees in the colonies was estimated by 
measuring the comb and hive body areas covered by bees at 
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a time of no foraging. The number of pollen and non-pollen 
foragers entering colonies in a 5-minute period Served as a 
measure of forager activity in this bioassay (as above). 
0087 Replicates were conducted with doses of “old” SB, 
with ratios increasing from 1:1 to 3:1 Leq of SB to the 
number of bees. A paired control was used of 0:1 SB. An 
“old” SB dose of 3:1 showed an increase in the ratio of 
pollen to non-pollen foragers. This dose was tested in the 
experiment. Seven colonies received SB doses of 3:1 on 
glass plates (approximately 1,312 cm) and seven colonies 
were controls receiving blank hexane-rinsed plates placed in 
the broodnest area. At 1 and 2 hour(s) after treatment forager 
entrance counts were conducted. 

0088 Pulse treatments of synthetic brood pheromone 
were conducted in the same location as above. Colony size 
was measured as described above. 12 colonies containing 
approximately 20,000 bees with “old” SB (Table 1) were 
pulse treated. Colonies were alternately treated with SB at 
10:1 and as controls. Colonies receiving SB in the morning 
for Pulse I received blank control plates in the afternoon for 
Pulse 11. At 0930 h six colonies received SB at 10:1 
Leqibees and six colonies received blank plates. One hour 
after treatment the number of pollen and non-pollen foragers 
entering the colonies were counted for a 5-minute period. 
The treatment plates were removed when entrance counts 
were completed. One hour after treatment plate removal, 
entrance counts were conducted. This completed the Pulse I 
phase of the experiment. The treatments were alternated 
between colonies. Six colonies received SB at 10:1 and six 
received control plates. The same Series of events took place. 
One hour after treatment, entrance counts were conducted, 
and treatments were removed. Entrance counts were con 
ducted once more 1 hour after removal. 

0089 Colonies treated with “old” SB at a dose of 3:1 Leq 
to bees had significantly more pollen foragers entering 
colonies than did the control colonies one hour after treat 
ment (X=47.7, 1 dif, P-0.0001; FIG. 5). Two hours after 
treatment the entrance counts of pollen and non-pollen 
foragers indicated that there were no differences between 
treatments (X=0.7, 1 dif, P-0.05; FIG. 5). For FIGS.5 and 
6, ns is “not significant”, and “* * * * means a P value of less 
than 0.0001. 

0090 The ratio of pollen to non-pollen foragers entering 
SB treated colonies was significantly greater in the Pulse I 
phase of the experiment one hour after treatment(X=1848, 
1 df, P-0.0001; FIG. 6). One hour after the treatment plates 
were removed from colonies there was no difference in the 
ratio of pollen to non-pollen foragers entering colonies in 
Pulse I (X =0.5, 1 df, P-0.05; FIG. 6). The same results 
were observed in Pulse II. The ratio pollen to non-pollen 
foragers entering SB treated colonies was significantly 
greater one hour after treatment (X=506.9, 1 d1 P-0.0001; 
FIG. 6), but not different one hour after treatment removal 
(X=3.7, 1 dif, P-0.05; FIG. 6). 

Example 8 

Synthetic Brood Pheromone Release Device 
0.091 A composition is created by incorporating syn 
thetic brood pheromone into a polyurethane matrix (as 
described in Wakarchuk, “U.S. Pat. No. 5,750,129, Com 
posite Polymer Matrices for controlled Release of Semio 
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chemicals” 1998). The composition is formed as a small 
plastic release device containing the Synthetic brood phero 
mone. The device is designed to be incorporated into a 
colony and release Synthetic brood pheromone in a con 
trolled fashion among the worker bees of the colony. The 
device releases a Sufficient amount of Synthetic brood phero 
mone to Stimulate the worker bees toward increased pollen 
foraging activity over a period of days to weeks. 

Example 9 

Pollination Units 

0092) Approximately 20,000 bees are collected and 
placed in a hive containing the Synthetic brood pheromone 
composition of Example 8. The number of pollen and 
non-pollen foragers entering colonies in a 5-minute period 
are observed as a measure of forager activity in this bioassay 
(as above). 
0093. Over a period of days to weeks, bees of this 
Synthetic pollination unit are observed returning to the hive, 
and comprise a significant numbers of pollen foragers. 

Example 10 

Establishing a Hive 
0094) Approximately 20,000 bees are collected and pack 
aged into a hive containing the Synthetic brood pheromone 
composition of Example 8. To this collection is added a 
queen and queen mandibular pheromone (Bee Boost", 
Phero-Tech). 
0095. This package of bees is observed over a period of 
weeks, and establishes a Stable, permanent colony. 
0096 All publications and patent applications mentioned 
in this specification are indicative of the level of skill of 
those skilled in the art to which this invention pertains. All 
publications and patent applications are herein incorporated 
by reference to the same extent as if each individual publi 
cation or patent application was specifically and individually 
indicated to be incorporated by reference. 
0097 Although the foregoing invention has been 
described in Some detail by way of illustration and example 
for purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced 
within the Scope of the appended claim. 

What is claimed is: 
1. A device for delivering synthetic brood pheromone to 

bees of a colony, Said device comprising Synthetic brood 
pheromone incorporated into a Substrate. 

2. The device of claim 1, wherein said synthetic brood 
pheromone is released from Said Substrate within Said 
colony. 

3. The device of claim 2, wherein said substrate is capable 
of controlling the rate of release of Said Synthetic brood 
pheromone. 

4. The device of claim 3, wherein said rate-controlling 
Substrate is Selected from the group consisting of 

a) Solubilizing said pheromone in an organic Substance; 
b)Suspending Said pheromone in water; and 
c) incorporating said pheromone in a Solid Substrate. 
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5. The device of claim 4, wherein Said organic Substance 
is Selected from the group consisting of paraffin, vegetable 
wax or beeswax. 

6. The device of claim 4, wherein said Solid Substrate is 
Selected from the group consisting of Silica, alumina, cellu 
lose, modified cellulose, dry vegetable matter, or a Synthetic 
polymer. 

7. The device of claim 6, wherein said synthetic polymer 
is a polyurethane matrix. 

8. The device of claim 7, wherein said synthetic polymer 
is powdered. 

9. The device of claim 8, wherein said matrix is formed 
for insertion of Said device into Said colony. 

10. The device of claim 1, wherein said synthetic brood 
pheromone is Selected from the group consisting of: 

a) a mixture comprising methyl palmitate, ethyl palmitate, 
methyl Stearate, ethyl Stearate, methyl oleate, ethyl 
oleate, methyl linoleate, ethyl linoleate, methyl lino 
lenate and ethyl linolenate; and 

b) a mixture comprising one or more of the enumerated 
esters of a) active in increasing pollen foraging activity. 

11. The device of claim 10, wherein said mixture in a) 
comprises, by weight percent: 

about 1% ethyl linoleate; 
about 13% ethyl linolenate; 
about 8% ethyl oleate; 
about 3% ethyl palmitate; 

about 7% ethyl Stearate; 
about 6% ethyl linoleate; 
about 21% methyl linolenate; 
about 25% methyl oleate; 
about 3% methyl palmitate; and 
about 17% methyl Stearate. 
12. A method for increasing pollen foraging activity in 

bees of the family Apidae, Said method comprising eXposing 
a colony of bees to a composition comprising a Synthetic 
brood pheromone Selected from the group consisting of: 

a) a mixture comprising methyl palmitate, ethyl palmitate, 
methyl Stearate, ethyl Stearate, methyl oleate, ethyl 
oleate, methyl linoleate, ethyl linoleate, methyl lino 
lenate and ethyl linolenate; and 

b) a mixture comprising one or more of the enumerated 
esters of a); 

wherein Said composition is active in increasing pollen 
foraging activity of Said colony. 

13. The method of claim 12, wherein said pollen foraging 
activity is increased by increasing the proportion of pollen 
foragers in Said colony. 

14. The method of claim 1, wherein said mixture in a) 
comprises, by weight percent: 

about 1% ethyl linoleate; 
about 13% ethyl linolenate; 
about 8% ethyl oleate; 
about 3% ethyl palmitate; 
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about 7% ethyl Stearate; 
about 6% ethyl linoleate; 
about 21% methyl linolenate; 
about 25% methyl oleate; 
about 3% methyl palmitate; and 
about 17% methyl Stearate. 
15. The method of claim 12, wherein said bees are of the 

genus Apis. 
16. The method of claim 15, wherein said bees are of the 

Species Apis mellifera. 
17. The method of claim 15, wherein said bees are of the 

Species Apis cerana. 
18. The method of claim 12, wherein said bees are of the 

genus Bombus. 
19. The method of claim 12, wherein said colony is 

without brood. 
20. The method of claim 12, wherein said colony com 

prises a new queen. 
21. The method of claim 12, wherein said colony is 

without a queen. 
22. The method of claim 12, wherein said composition 

extends the period of pollen foraging activity in Said colony. 
23. The method of claim 12, wherein said composition 

Stimulates early pollen foraging activity in Said colony. 
24. The method of claim 12 further comprising the step of 

applying to Said colony a composition comprising queen 
mandibular pheromone. 

25. The method of claim 12, wherein said composition 
further comprises a Substrate capable of controlling the rate 
of release of Said Synthetic brood pheromone to Said colony. 

26. The method of claim 12 wherein said colony is 
exposed to Said Synthetic brood pheromone by a method 
Selected from the group consisting of Spraying Said compo 
Sition and vaporizing Said composition. 

27. A pollination unit comprising 

a) a collection of bees; and 
b) a quantity of Synthetic brood pheromone. 
28. The pollination unit of claim 27, wherein said collec 

tion comprises greater than about 5,000 honey bees. 
29. The pollination unit of claim 28, wherein said collec 

tion comprises greater than about 10,000 honeybees. 
30. The pollination unit of claim 27, further comprising a 

quantity of Synthetic queen mandibular pheromone. 
31. The pollination unit of claim 27, further comprising a 

comb. 
32. The pollination unit of claim 27, further comprising a 

Source of food for said bees. 
33. The pollination unit of claim 27, further comprising a 

housing unit for Said bees. 
34. The pollination unit of claim 33, wherein said housing 

unit is disposable. 
35. The pollination unit of claim 33, wherein said quantity 

of Synthetic brood pheromone is affixed to Said housing unit. 
36. The pollination unit of claim 27 further comprising a 

Gueen. 
37. The pollination unit of claim 27, wherein said syn 

thetic brood pheromone is Selected from the group consist 
ing of 

a) a mixture comprising methyl palmitate, ethyl palmitate, 
methyl Stearate, ethyl Stearate, methyl oleate, ethyl 
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oleate, methyl linoleate, ethyl linoleate, methyl lino 
lenate and ethyl linolenate; and 

b) a mixture comprising one or more of the enumerated 
esters of a) active in increasing pollen foraging activity. 

38. The pollination unit of claim 37, wherein said mixture 
in a) comprises, by weight percent: 

about 1% ethyl linoleate; 
about 13% ethyl linolenate; 
about 8% ethyl oleate; 
about 3% ethyl palmitate; 
about 7% ethyl Stearate; 
about 6% ethyl linoleate; 
about 21% methyl linolenate; 
about 25% methyl oleate; 
about 3% methyl palmitate; and 
about 17% methyl Stearate. 
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39. The pollination unit of claim 27, wherein said bees are 
of the family Apidae. 

40. The pollination unit of claim 39, wherein said bees are 
of the genus Apis. 

41. The pollination unit of claim 40, wherein said bees are 
of the species Apis mellifera. 

42. The pollination unit of claim 40, wherein said bees are 
of the Species Apis cerana. 

43. The pollination unit of claim 39 wherein said bees are 
of the genus Bombus. 

44. The pollination unit of claim 27, wherein said syn 
thetic brood pheromone is incorporated into a matrix 
capable of controlling the rate of release of Said Synthetic 
brood pheromone to Said colony. 

45. The pollination unit of claim 44, wherein said matrix 
is formed into a device for insertion into Said colony. 


